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Table 7.1: Technology options and possible parameters of a strawman central barrel
charged tracking system.

Detector Technology Segmentation R (cm) Nchan (×106)

Inner Tracking VTX Pixels 50µm × 425µm
2.5 1.5

5 3

Inner Tracking II VTX Strip Pixels 80µm×0.1 cm
10 1.6

14 2.2

Outer Tracking New Strips 80µm×3 cm
40 1

60 2.2

Compact EMCal PS Si-W 300µm×6 cm 61 0.3

Compact EMCal
Si-W E1 0.75 cm×0.75 cm 61–64 0.110

Si-W E2 1.50 cm×1.50 cm 64–68 0.03

Hadronic Cal Fe-Sc 0.1η× 0.1φ 80–142 0.0012

7.1.2 Performance Plots

Here, we assess the tracking performance of the strawman detector design. We have
implemented an initial pattern recognition and track reconstruction model based largely
on software development for the VTX upgrade, and have used that software to track
single muons generated and thrown over a broad range of momenta. The momentum
resolution performance has an RMS ∆p/p = 0.007 + 0.0015 × p for momentum |pT| >
1 GeV, as shown in Figure 7.10. Also shown is the momentum averaged resolution as
a function of the polar angle θ. In order to have good separation of the three Υ states
(Υ(1s), Υ(2s), Υ(3s))—crucial to the physics of the screening length—we need the term
linear in the momentum be less than 0.002.

We do not have muon identifier detectors outside the hadronic calorimeter in the straw-
man detector design. This is largely due to our focus on the performance in the electron
channel, but this may reconsidered in the future giving a factor of two increase in accep-
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rad. length of inner tracker is ∼10%
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Figure 7.8: An elevation view of the strawman detector as implemented in GEANT4. Nearest
the beampipe are the several layers of silicon of the current PHENIX VTX upgrade. Proceed-
ing outward in radius one encounters two additional layers of tracking, the compact EMCal,
the coils of the superconducting solenoid, and the HCAL.

The silicon vertex tracker (VTX) upgrade currently being installed in PHENIX (2010) is
the centerpiece for the future charged particle tracking and heavy flavor displaced vertex
tagging. The two inner layers (pixels) are at a radius of 2.5 and 5.0 cm from the beam line,
and the outer two layers (strips) are at a radius of 10 and 14 cm. In the default upgrade,
we have two additional silicon tracking planes at a radius of 40 and 60 cm. We require the
material thickness of the intermediate layer at 40 cm to be thin (0.03 radiation lengths) to
reduce multiple scattering and have good momentum resolution.

For the default compact electromagnetic calorimeter (CEMCal), we have used a design
based entirely on silicon-tungsten. We have chosen this default for two reasons. First,
there is significant simulation experience within the collaboration for this technology and
configuration in the forward calorimeter (FOCAL) proposal and related R&D. Also, the
uniformity of the detector layout results in a straightforward GEANT4 implementation.
The GEANT4 layout includes an initial preshower tungsten layer 2.3 radiation lengths
thick at a radius of 60 cm, backed by a silicon layer with strips 300µm × 6 cm as a pre-
sampler. This segmentation corresponds to ∆η = 0.0005 by ∆φ = 0.1. We are still in-
vestigating whether two views are necessary for the physics performance in all channels
(particularly the efficiency for tagging two photons from a very high pT π

0 decay). The
back compartments of the detector then consist of alternating layers of tungsten 0.4 cm
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Figure 7.10: GEANT4 and track model evaluation for single particle momentum resolution.
From a fit to the data in the upper panel, shown as the red line, we determine the momen-
tum resolution to be ∆p/p = 0.007 + 0.0015 × p. The lower panel shows the momentum
resolution as a function of the polar angle of the track.

tance in some channels. However, we show first in Figure 7.11 (left) the invariant mass
resolution for the three Υ states as reconstructed via the dimuon decay channel. Note
that we have not included any background contributions at this simulation stage. One
observes a clean separation of the states, where the relative ratio between the states is
determined by previous p+p and antip+p measurements [21]. The width of the peaks is
determined by the momentum resolution of the proposed compact spectrometer. For the
electron channel, also shown in Figure 7.11 (right), there is a significant bremsstrahlung
low mass tail due to the material budget of the tracking detectors. Although the tail is
important to account for in the final signal extraction, the separation between the states
remains good.

First studies of γ to π0 separation and electron identification with the GEANT4 simulation
are underway. Shown in Figure 7.12 is an event display of the energy deposition from a
42.8 GeV π0 in the preshower and back two compartments of the EMCal. A clear sepa-
ration of the two photons is seen in the preshower layer. Shown in Figure 7.13 (left) is
the response of the EMCal total energy versus the preshower energy for electrons and
charged pions. The combination of information provides a powerful discriminator for
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Charged pions, tracked with all 6 silicon layers.
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Figure 7.13: GEANT4 simulation examining the electron to π− separation for momentum =
5 GeV particles (left). GEANT4 simulation for single photon response in the compact elec-
tromagnetic calorimeter. With the default sampling in this configuration, the resolution is
approximately 20%/

√
E (right).

used for the operating gas for the GEMs, and the requirement that it be essentially blind
to hadrons. The requirements for building and operating a GEM tracking detector for
PHENIX would be much less demanding, and would be similar to the design of other
GEM trackers that have now been successfully operated for many years [86]. Figure 7.14
shows a three-stage GEM detector providing a gas gain ∼ 103–104 with simple readout
strips that could be used as a tracking detector. More complex readout structures are pos-
sible that could provide two dimensional information with a minimal number of readout
channels.

The STAR Collaboration is constructing their Forward GEM Tracker using GEM detectors
in a very similar application at RHIC [296]. They plan to acquire GEM foils from an indus-
trial manufacturer (Tech Etch [297]) and have adapted the COMPASS readout electronics
to work with the STAR data acquisition system. The experience gained in the design,
construction and operation of this detector will be of benefit for the future development
of a GEM tracker for PHENIX, and we identify this as one specific area of R&D that we
would like to pursue. This would involve studying various two dimensional readout
structures in order to optimize the spatial resolution with minimal channel count, con-
structing larger scale prototype detectors, and developing readout electronics that would
be compatible with an upgraded PHENIX data acquisition system.

One other possibility offered by a low cost gas tracking detector would be to increase the
radius of the solenoid magnet (e.g., to ∼1.0–1.5 m) and placing the tracking detectors at
a larger radius. This could not only improve our momentum resolution, but might also
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left: electron/pion separation
right: photon energy resolution
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Figure 7.11: GEANT4 and track model evaluation for the Υ state mass resolution in the
dimuon decay channel (left) and the dielectron decay channel (right).

electron identification. Full occupancy Au+Au studies are underway. Shown in Fig-
ure 7.13 (right) is the energy resolution for single photons.

7.1.3 Technology options for the midrapidity upgrade

Our strawman design calls for two additional layers of silicon tracking at radii of 40
and 60 cm to augment the tracking capabilities of the central silicon vertex tracker (VTX).
These two additional tracking planes will improve our momentum resolution for higher
momentum tracks, and improve our ability to reject background tracks and identify de-
cays. The concept for an upgraded PHENIX detector would use the VTX as the central
part of the vertex finding and tracking system; the addition of two more silicon tracking
detectors is a natural extension of the present design. It also provides a basis for specify-
ing a number of important parameters, such as position resolution, segmentation, and so
forth for simulation studies of the physics requirements of the overall detector. However,
when actually implementing such a device, one must not only consider the required spa-
tial resolution and segmentation needed at the larger radii, but also other factors, such
as the material budget, electronic readout requirements and cost. We are therefore also
considering other tracking detector technologies that could meet our requirements.

One such technology is that of micropattern detectors, which includes Gas Electron Mul-
tipliers (GEMs), Micromegas and other types of gas detectors. These devices have been
used in many particle physics experiments [86, 234, 83], can provide excellent spatial
resolution (∼50–100µm), and have very high rate capabilities. In addition, they consist
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Good enough momentum resolution, but bremsstrahlung make things tricky
for electrons.
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A few notes

Speed problems with the current implementation have prevented detailed simulations
of response to heavy-ion collisions.

The geometry is unrealistically simplistic, but for these small studies it shouldn’t mat-
ter.

Heavy-flavor tagging won’t be better than current PHENIX with the same inner tracker

Acceptance of current PHENIX inner tracker is not as good as what is in G4.
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